The Ozone Mapping and Profiler Suite Limb Profiler (OMPS/LP) has been flying on the Suomi NPP satellite since October 2011. It is designed to produce ozone and aerosol vertical profiles at 1.6 km vertical resolution over the entire sunlit globe. The Version 1.5 (V1.5) aerosol extinction retrieval algorithm provides aerosol extinction profiles using observed radiances at 675 nm. The algorithm assumes Mie theory and a gamma function aerosol size distribution for 20 the stratospheric aerosol that is derived from Community Aerosol and Radiation Model for Atmospheres (CARMA) calculated results and observations in April 2012. In this paper, we compare V1.5 LP aerosol profiles with SAGE III/ISS solar occultation observations for the period June 2017 -May 2019, when both measurements were available. Overall, LP extinction profiles agree with SAGE data to within ±25% for the main aerosol layer between 19 and 27 km, 25 even during periods perturbed by volcanic eruptions or intense forest fires. The slope parameter of linear fitting of LP extinctions with respect to SAGE measurements are close to 1.0, with Pearson's correlation coefficients of r ≥ 0.95, indicating that the LP aerosol data are reliable in that altitude range. Comparisons of extinction time series show a high degree of correlation between LP and SAGE, indicating that the LP retrieved extinction variability in time is robust. 30
may be less accurate for altitudes above 28 km and below 19 km where the size distribution is more variable. There are other reasons related to cloud contamination, wavelength limitations and the accuracy of both instruments at low aerosol loading. comparison is to assess the reliability of the LP version 1.5 algorithm and to identify potential problems inherent due to the assumed ASD. The differences of aerosol extinctions observed by the two instruments are analyzed and discussed. The LP retrieval algorithm performance is reevaluated and the impact of volcanic perturbations on the retrievals is investigated. 5
LP Algorithm Description
The previous version 1 aerosol retrieval algorithm for OMPS/LP is described in detail by Loughman et al. (2018) . Here, we provide a brief description of key changes implemented in the retrieval algorithm for processing the V1.5 dataset.
In the V1.5 algorithm, a gamma function based ASD is assumed (Chen et al., 2018): 10
where n(r) is the number of particles N per unit volume with a size between radius r and r+dr (cm -3 μm -1 ), N 0 is the total number density of aerosols (cm -3 ), Г is Euler's gamma function, α is the shape parameter and β (μm -1 ) is the scale parameter. At small radii this function follows a power law, while at large radii it follows an exponential function. The cross-section and aerosol 15 scattering phase function are then calculated using Mie theory assuming liquid sulfate spherical particles with a refractive index from Russell et al. (1996) . The α and β parameters were determined by fitting the gamma distribution to size distributions for stratospheric sulfate May 2019. Figure 2 shows the spatial and temporal coverage of the available datasets during the 2017 to 2019 period considered in this study. bins for each altitude for groups of 1-3 consecutive days depending on the number of SAGE samples. In the second step, the averaged extinction profiles at 675 nm for LP and at 676 nm for SAGE were compared directly, using SAGE samples that correspond to the OMPS/LP 1 km altitude grid.
Evaluation Analysis 3.1 SAGE III/ISS data

Methodology
In this work, both data sets were averaged zonally for each 5° latitude band per day at 5 each of their respective altitudes. The daily averaged data in the same latitude bin and on the same day were used for the comparison. Only LP data from the center slit were taken into consideration because the center slit has better straylight and tangent height corrections where is the extinction, is the weighing factor and is the altitude grid point. This procedure approximates a Gaussian smoothing of continuous data with full width at half maximum of about 1.6 km. Figure 3b provides an example of comparison of extinction profiles between the LP 30 retrieval profile (blue line) and the smoothed version of the recalculated SAGE profiles (red line). LP data is in close agreement with the SAGE record between 20 and 30 km. This spectrally interpolated and vertically smoothed SAGE data is used for all comparisons in this paper. of the aerosol retrieval for low aerosol values, while straylight contamination is more obvious at 30 km for OMPS/LP. (Figure 7 ). Both instruments clearly captured the stratospheric aerosol perturbation triggered by the reported PyroCb, including the elevation in the plume altitude over time. As in the previous analysis, the pre-injection level of agreement between the two data sets 30 is better than 5% between 20 km and 25 km, whereas slightly larger differences (~10%) in the same altitude range are found several days following the arrival in the stratosphere of the carbonaceous aerosols. Unrelated to this event, SAGE-LP discrepancies below 20 km and above 25 km are significantly larger. period to see if an ASD error exists. As discussed earlier, if the assumed ASD is correct, the difference in extinction should be scattering angle independent in the scattering angle range 50°-100°. The differences shown in Figure 10 vary with scattering angle in that range significantly, suggesting the currently assumed ASD in the LP algorithm does not adequately represent the actual ASD for altitudes at 30.5 km and 18.5 km. As a result, the potential ASD error propagates into extinction uncertainties above 28 km and below 19 km. 5
Results and discussion
Background aerosol conditions 5
Effect of volcanic eruptions and PyroCb's
LP retrievals above 27 km and below 19 km
Correlation of the extinction and the Angstrom exponent
The sensitivities given in Figures 8-10 suggest that the differences in extinctions between the two instruments could be partly explained with the variation of the AE Figure 11 illustrates how the AE varies. In the figure, monthly mean AE (left panel) derived from vertically smoothed 10 SAGE III/ISS data and differences between SAGE III/ISS and OMPS/LP extinctions at 675 nm (right panel) are plotted as a function of altitude and time at different latitude bands in the tropics. To draw a corollary to SAGE II, the AE is derived using the aerosol extinctions at 520nm and 1020nm. However, to avoid potential bias, the aerosol extinction is first interpolated using a second order polynomial in log-log space (extinction versus wavelength) with extinction 15 values at 448nm, 756nm, 869nm, and 1020nm. The computed AE is plotted on a color scale with the baseline value of 2.08 used for the OMPS-LP algorithm at its center. AE values above the baseline are easily associated with the volcanic eruption of Mt. Ambae (note transport from the QBO) and aerosol evaporation at higher altitudes (particularly in the tropics). AE values below the baseline are easily associated with clouds (and a minor influence from the PyroCb). 20
There also appears to be an overall bias towards an AE value slightly below the baseline throughout most of the stratosphere. The figure also shows a clear correlation between the difference between assumed AE and AE derived by SAGE and the difference between the instruments in the tropical stratosphere, which confirms that the altitude independent ASD is a cause for theses systematic biases. However, there is an expectation of differences at the 25 southern midlatitudes where the relationship between AE and PF at a given scattering angle is more complicated due to a competing effect from aerosol scattering and Rayleigh attenuation. N -60° N), there is a good agreement between the results from both instruments, with most observations close to the 1:1 line and a correlation coefficient greater than 0.96. This result gives 5 further quantitative evidence that the assumed ASD is appropriate for OMPS/LP aerosol extinction retrievals in most of the stratosphere for background aerosol. In the southern midlatitudes between 60° S -30° S, zonal means from LP and SAGE are in fair agreement with a correlation coefficient of 0.95, but large systematic differences (SAGE III greater than LP) are observed for aerosol extinction, k > 0.0001. These positive deviations up to 25% could be related 10 to wavelength limitations. Figure 13 shows an example of aerosol weighting functions at 675 nm for three latitudes. In general, the sensitivity to aerosol varies with latitude and altitude. The LP radiance at 675 nm is most sensitive to the aerosol extinction over the 20-30 km altitude range in the tropics and the northern midlatitudes, but less sensitive to aerosol in the southern midlatitudes. Therefore, uncertainties in OMPS/LP aerosol retrievals at 675 nm increase with 15 reduced sensitivity to aerosol extinction because lower sensitivities to aerosol may result in noise amplification. Since the sensitivity to aerosol increases at longer wavelengths (Taha et al., 2011), the uncertainties in the southern midlatitudes at lower altitude may be reduced by doing LP aerosol retrieval at longer wavelengths. 20
Regression analysis
Summary and Conclusions
To extend our previous validation of OMPS/LP aerosol product, OMPS/LP version 1.5 extinction profiles have been compared against SAGE III/ISS version 5.1 aerosol data over the period June 2017 to May 2019. For the comparison, both LP and SAGE extinction profiles in this paper are in the form of daily averages for a 5° latitude bin at each altitude. To evaluate the 25 675 nm extinction profilers from OMPS/LP, the original SAGE extinctions at 449 nm and 756 nm are used to interpolate to the extinction profiles at 675 nm, to avoid contamination from potential biases in the SAGE "MLR" ozone product, and then degraded vertically to the same 1.6 km vertical resolution as OMPS/LP. Using SAGE aerosol channels away from the Chappius and matching the vertical resolution of the instruments significantly improves the comparisons. 30
Overall, results show very good agreement for extinction profiles in the main aerosol layer between 19 to 27 km, to within ±25%, and show systematic differences (LP-SAGE) above 28 km and below 19 km (> ±25%). The agreement changes with time, altitude and latitude.
Comparisons of time series show strong correlation between the two data sets, indicating that measured extinction variability is robust. To investigate the impacts of volcanic perturbations on 5 the retrievals, the differences of extinction profiles measured by LP and SAGE III/ISS in the same latitude bin and on the same day are analyzed before and after the occurrence of the Mt.
Ambae volcanic eruption and the Canadian PyroCb. The results show that both instruments can capture the volcanic aerosol and PyroCb very well, and their small discrepancies (< ±10%) are within the measurement uncertainties, indicating that the LP retrieved extinction profiles are 10 reliable under these conditions. In order to better quantify the difference in the variability observed in the OMPS/LP and SAGE III/ISS measurements, a total of 9862 data points between 19.5 km and 27.5 km were used to perform a linear regression analysis. The regression results show very high correlations with the linear correlation coefficient greater than 0.95, and most observations lie close to the 1:1 line, except for the southern midlatitudes where large positive 15 differences up to 25% are observed due to differences in retrieval techniques and sensitivity issue. These comparisons are consistent with the previous analysis performed by Chen et al.
(2018) that demonstrated a good agreement between the extinction profiles in the range of 19 to 29 km, differing above 30 km and below 19 km.
At altitudes above 28 km (below 19 km), LP extinctions were systematically higher 20 (lower) than SAGE observations. These significant and systematic biases between LP and SAGE are partly due to the fact that the actual ASD is both altitude and time dependent. To evaluate the LP performance of the aerosol retrieval from the assumed ASD, the averaged Angstrom exponent (AE) derived from SAGE II v7.0 data under background aerosol conditions was compared with the baseline AE derived from the assumed ASD. The analysis indicates that in 25 background conditions, the baseline AE is underestimated (overestimated) above 28 km (below 19 km), thus the assumed ASD provides a less accurate representation at altitudes above 28 km (below 19 km), tending to overestimate (underestimate) extinctions above 28 km (below 19 km).
This suggests that a dynamic model for ASD is needed to accurately retrieve aerosol extinction
profiles. 30
There are three other possible causes for the discrepancies. First, most of the discrepancies are related to differences in the measurement techniques. While SAGE III/ISS uses the solar occultation measuring technique which is self-calibrating and derives extinction directly, OMPS/LP employs the limb scatter technique where retrieved extinction depends on instrument calibration and altitude registration as well as the inversion algorithm and its several 5 assumptions, especially the dependence of the OMPS retrieval on the assumed ASD and phase function. Uncertainties in OMPS/LP aerosol retrievals at 675 nm increase below 18 km due to lower sensitivities to aerosol. Second, some discrepancies could be also caused by reduced aerosol loading and hence reduced retrieval accuracy for both instruments instruments. For OMPS, straylight contamination is more obvious under low aerosol conditions, where SAGE III 10 quality decreases. Third, a larger random discrepancy between LP and SAGE at lower altitudes is associated with broken clouds at various locations and levels. The cloud contamination can affect extinction profiles near and below the tropopause. OMPS/LP version 1.5 aerosol profiles are freely available to the international research community at https://disc.gdfc.nasa.gov. 
